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G7FICE OF STANDARDS DEVELOPMENT

REGULATORY GUIDE 1.104
SINGLE-FAILURE-PROOF OVERHEAD CRME

IMNDLING SYSTEMS FOR NUCLEAR POWER PLANTS

A. INTRODUCTION
,

General Design Criterion 1, " Quality Standards and
Records," of Appendix A," General Design Criteria for "Comestic
Nuclear Power Plants," to 10 CFR Part 50, JLacensmg i
cf Production and Utilization Facilities," requires that '

structures, systems, and componentsimportant to safety
be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the '

safeti function to be performed General Design Crf-
terica 2, " Design Bases for Protection Against Natural ;
Phenomena," requirm that structures, systems, and com- :
ponents important to safety be designed to withstand

1

the effects of natural phenomena such as earthquakes.
General Design Criterion 5, " Sharing of Structures,
Systems, and Components," prohibits the sharing of
structures, systems, and components important to safety
among nuclear power units urdess it can be shown that
:uch sharing will not significantly impair their ability to*

perform their " 'y functions. In addition, General
Design Criterios. .., " Fuel Storage and Handling and ,
Radioactivity Control," requires, in part, that feel |
:torage and handling systems be designed to ensure
adequat: safety under normalfaccident conditions., and,

' '

Regulatory Guide 1.13, ' Spent Fuel Storage .
Facility Design Basis," describes methods acceptacle
to the NRC staff for complying with the Commission's
regulations with regard to the, construction of spent
fuel storage facilities and loadahandling systems.

f.N-s

Appendix B, " Quality Assurance Criteria for Nu-
clear Power Plants and Fuel Reprocessing Plants," to 10
CFR Pr.rt 50 r: quires, in part, that measures be estab-
lished to ensure control of-design, materials, fabrication,
special processer, installatien, testing, and operation of
structures, sys: ms, and components important to
safety, includin g crane handling systems. Section 50.55a,
" Codes cr d Standards," of 10 CFR Part 50 requires that
desigt, faQrication, insta!!ation, testing, or inspection of

_
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certain specified systems or components be in accor. 2
dance with generally recognized codes and standards. -or a reactor vessel head
This guide describes methods acceptable to the NRC
staff for complying with the Commissiods regulations A critical load is a load of magnitude or
with regard to the design, fabrication /and testing of kind that under certain conditions, if
overhead crane systems used for resEtor' refueling and dropped, could result in damage leading to
spent fuel handling ooerations)Thi* guide applies to all unacceptable release of radioactivity.yp nuclear power plants for wtucirthe applicants elect to j (generally taken as more than about 25%provide a single failure.prpof"overfEad> crane handling f

system. ./ of 10 CFR Part 100 values) or could impair-s
$j 9 the capability to safety shut down the plant.

2 . DISCtJSSlON Description of8
41 ./

.This guide is applicable to polar cranes in-
Overhead crane handling systems are often used for side the containment building only if loads

handling critical items at nuclear power plants. The will be handled while there is fuel in the
handling of criticalloads such as a spent fuelcaskjraises
the possibility of damage to the safety-related systems,
structures, and equipment under and adjacent to the Specifically excluded is handling equipment

used to effect movement of single fuelpath on which it is transported should the handling i

! assemblies between the reactor and thesystem suiTer a breakdown or malfunction during this
handling period. Deflelem Tcnticalitems or entical ctorage facilities.
loads should be submitted in the PSAR. Handling of critical loads for HTGR plants

will be evaluated on a case by case basis.

The safd'hr.n'dlin)ef critical loads can be accom.The single-failure-proof features for cranes
plished.by addinisa'fetY features to the handling equip. identified in this guide are limited to the

ment' b'ysadding special features to the structures and hoisting system and braking systems for.

areas overwhic!r'the criticalload is carried, or a combin. trolley and bridge. Other loadbearing items
aticqof'theitwo, thus enabling these areas to withstand such as girders should be conservatively
the effects of a load drop in case the handling equipment designed but need not be considered single-

sfails.xThis guide covers criticalload-handling equipment failure-proof.
for those plants where reliance for safe handling of cri.
tfcal loads will be placed on the overhead crane system

-by making it single failure proof. The general value of existing standards is
I recognized and reliance is placed on quality

A_ levels indicated in C.M.A.A Specification
4 #701 and ANSI B30.2.02 standards.

Defgn_ Criteria

c gcid ; :=: : :- L.: fa ' ci .g eq4:

: : a.d .:mp==:: fc: $: h=IS; ;f did k:6,
.': .f.:1:1, wh !c ri m:~ ente! m ~=
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1
. Copies may be obtained from Crane Manu-^

facturers Association of America, 1326
Freepr.rt Road, Pittsburgh, Pennsylvania
15238

i

Copies may be obtained from the American
National Standards Institute, 1430 Broad-
way, New York, New York 10013
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A single-failure-proof crane should be de- !

signed to handle the maximum critical load
|(MCL) that will be imposed. However, a

slightly higher design load should be select-
ed for components that are subject to degrada-
tion to provide a margin in the crane's load
handling ability before it drops below its
MCL capacity. An increase of approximately
15% of the design load for these parts would

{be an acceptable margin. The MCL rating i

should be marked on the crane.
Certain single-failure-proof cranes may be

required to handle occasional non-critical
loads of magnitude greater than the MCL during
plant maintinance periods. For such cases the
maximum non-critical load will be the design
rated load (DRL). The design of certain com-

_ ponents may be determined more by the MCL
rating even though standard commercial prac-
tice may be used. The DRL rating should be
marked on the crane seperately from the MCL
marking.
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When an overhead crane handling system will be
used during the plant construction phase prior to its
intended service in the operating plant, separate cerfor-

bemance specifications <we-fneecca to reflect the duty
--

cycles and loading requirements for each serdce. At the
end of the construction period, changes to the crane
system may be required to reflect the epecifications for
the permanent operating plant condition. For example,
if the :pecifications for the size of the hoist drive motor
differ sufficiently for the two applications, the motor
and the affected control equipment would have to be
replaced or changed for the operating plant phase. Fea-
tures and functions needed for the cranes during the
plant ccnstruction period are not considered in this -

guide except where the use of the cranejmay intluence during construction
its design and operation for the permanent plant opera-;-
tion.

Overhead cranes may be operating at the time when
an earthquake occurs. Therefore the cranes should be
designed to retain control of and hold the load, and the
bridge and trolley should be designed to remain in place
on their respective runways with their wheels prevented
from leaving the tracks during a seismic event. If a
seismic event comparable to a safe shutdown earthquake
(SSE) occurs, the bridge should remain 6 : ': on the witE brakes acuIied ~ ~ ~
runway,,' and tne trolley ud should remain 4m- ^

with brakes applied -
-eeMe on the crane girdersg -

_ each
Since % crane loading cycles will produce cyclic

stress, it may be necessary to investfgate the notential If
for failure of the metal due to fatigue. Vnte-ia crane will during
be used 4tne construction penod, it will experience
additional cyclic loading, and these loads should be
added to the expected cyclic loading for the permanent
plant operation for the fatigue evaluation.

Mataials and Fabrication

Bridge and trolley structures are g nerally fabricated
by welding structural shapes together. Problems have y through-thickness strength of the material
been experi nced with weld joints between rolled struc-e

tural members. Specifically, subsurface lamellar tearing When weld joints are carefully designed and
has c=urred at th: weld icints during fabrfcation and /

-
fabricated, lamellar tearing is not expectedde,r . _ ~ nas thus Nen re - to occur, but for certain weld joints it

d.;hdograph/ or ultrasonic inspection, as aopro- may be necessary to examine the joint by
, . . , so- . . . , - . . . . . , ,,



| ensure the absence oflamehar tearing in the base metal
and the soundness of the weld metal.-G+' ++ Problems / (less than 5% total alloy content)

'
a

with welding of low-alloy steels;can occur if tne base
metal temperature is not properly controlled durin3
welding and the postweld heat treatment. . .;.. .rjc ., ,_,..r._, _cm_t. , , .. - _ _e,....,4
'"' 7 , C ' J," F,1",'., ', $ n,''.F'2'/ 1,_.

-

.

,

Cast iron should not be used for load-bearing'1.-d[clL:U 5 :m'Ib'b'rne!Y[':,[% components such as rope drums.-2
Cast iron*

m 3 . -1 s , ~ g .g -

may be used for items such as electric motor
4

frames and brake drums.
Cranes are generally fabricated from structural

shapes and plate rolled from m2 ' n:d,hin thickness andorlow-alloy steel. \-carbon steal (no alloying elements except forSome of these steel parts exceed Minc
may have brittle fracture tendencies he;: : :f $+

1% manganese in heavier section)

-m4+a4+dfoperaung temperatures, so that testn2 of the \ when exposed to lowermatenal toughness becomes necessaryg. .. ,, t..:
O l_. O; ';n:.O . ':...pm ._ x O'C) .'... 11 ' .
'2''iti f When low alloy steels are used, weld metal

p toughness is more of a concern.

General. Numerous applications have been reviewed However, it may be impractical to perform |by the staff, and the need for inclusion of certain safety t ughness tests for cranes that have

features and the magnitudes of specifle operational progressed too far in the manufacturing
limits to provide adequate safety have been determined. sequence or for cranes already built and

operating. Such cranes- should therefore
It is important to prevent the release of radio- be tested by subjecting'the crane to a test

activity in case of failure, inadvertent operation, mal- lif t at the lowest anticipated operating
f function, or loss of load, and it may be necessary to temperature. It is desirable to includei include special features and provisions to preclude the crane manufacturer in the planning ofsystem incidents that would result in release of radio-

the test.activity.

A crane that has been immobilized because of rnal-
function or failure of controls or components while
holding a critical load should be able todet tne loadw h ld the load or
down while repairs or adjustments are made This can be

accomplished by inclusion of features that will permit
manual operation of the hoisting system and the bridge
and trolley transfer mechanisms by means of x. ..a

approp riate

_ .. c, 2: emergency devices.

A crane h:ndling system includes all the structural, , hooks, blocks,
mechanical, and electrical components that are needed
to lift and transfer a load from one location to ano:her.
Prima:y .: p: m:pd load bearing components, equip-

'

ment, and subsystems such as the driving couloment./
drum, rope reeving system.;centrol systems, anc brakmg{ systems |

i

-eww-should receive special attention.

All auxiliary hoisting systems of the main crane
handling system that are employed to lift or assist in
handling criticalloads should bep:; : = ": d':q

~ *i"31*~f"il"#*~P# E''
-
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Hoisting .'.Iachinery. Proper support of the rope
drums is ne: mary to ensure th2t tney would 5es. ...m._-

--r r p rmn wl fr x idag or disen< aging from the:r
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braking and control systein in case of a shaft or bearing

I failura. Two mechanical holding brakes in the hcisting
,

system (raising and lowering) that are automatically x-
tivated when elec,tria power is off or when mechanically
tripped by overspeed devices or overload devices in the
hoisting system will help ensure that a critical load will

'be safely held or controlled in case of failure in the
individual load-bearing parts of the hoisting machinery.

Each holding brake should have more than full-load
/ minimum,

stopping capacity but should not have excessive capacity /that could cause damage throuzh sudden stoocing of the during the hoisting operation
hoisting machinery. Ajbrake capacity of 125% i :M /
of the bra. m torque developeqbj 1: . :tcr at the
point of brake application has been determined to be
acceptable

Manual operation of the hoisting brakes may be ,.It may be necessary to stop the lowering
necessary during an emergency condition, and provision
for this should be included in the design conditions. operation periodically to prevent over-

heating and permit the brake to dissipateAdequate heat dissipation from the brake should be en- /
sured so that damage does not occur if the lowering / the excess heat.
velocity is permitted to increase excessively [Feemreef----Portable instncents
should be included in the manual control of the brake to/ indicate

~

di-sjthe lowering speed. A "c.r.; .ic.t, i 15 fp
N b::- htcmn:3 L t: 2 .:.:b' for :: tk fa If a malfunction of a holding brake werej
7.n.; j to occur and emergency lowering of the

load becomes.necessa'ry,-- the holding brake |Component parts of the vertical hoisting mechanism should be restored to working condition'

are important. Specifically, the rope and reeving system before any lowering is started.
deserves special consideration during design of the sys-
tem. The selection of the hoisting rope which is a "run-
ning rope" should include consideration of size. con-
struction, lay, and means of lubricationato provice ror \
th: efficient working of the strands and individual wires. ' g ""7'

The load-carrying rope will suffer accelerated wear if it
rubs excessively on the sides of the groovesin the drum
and sheaves due to irnproper alignment or large fleet
angles between the grooves. The load-carrying rope will
furthermore suffer shock toading ifit is partly held by
friction on the groove wall and then suddenly released to
enter the bottom of the groove. The rope can be
protected by the selection of conservative fleet angles.
Ropes may also suffer damage due to excessive strain / roce
developed if the We;construcuan and the pit n
diameter of the sheaves are not properly selected.

, _ Protection against excessive |Fatigue stress in ropes can be mimmtzed when the pitch
diameter of the sheaves are selected large enough t wire rope and fatigue damage can be
produce only nominal stress levels. Le pitch diameter ensured through scheduled inspection
of the sheaves should be larger for ropes moving at the and =aintenance.
!i; hest ve!ocity near the drum and can be smaller for
sheaves used as equalizers where the rope is stationary.
A

Equalizers for stretch and load on the rope reeving transfer the critical load without
system raay be of either beam or sheave type. A dual excessive . shock
ror: reeving system with individual attaching points and
rr r.r's tor ndancing or distributing the load between the
tyco or: rating rope reeving systems will permit either
up: qs:em to hold th.: critical ! cad andj:1._ .

: a cf ir.i!:r: cf th: other race system.
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Selection of hoisting speed is influenced by such

' items as reaction time for corrective action for the hoist-
ing movement and the potential behavior of a failed
rope.To prevent or limit damaging effects that may re-
sult from dangerous rope spinoffin case of a rope break,

Thethe hoisting speed should be limited. ? I f-:-; hoisting
speed ..--.c. .. : . :.p:.J.. Su. The rope traveling ~ limits indicated for slow operating4

speed at the drum is higher than at other points in the apeeds in CMAA Specification #70
reeving system, and the potential for damage due to rope are acceptable limits.
flai!!ng and interference with other parts of the system
should be considered. Conservative industry cractice

limits the rope line speed tojH-trm-st the dntm as a 1/4 m/s (50 fpm)
con _servative approach.

A A potential failure of a hoist travel limit
Power transmission gear trains are ofte:t supported switch could result in a "two-block"3 inci-by fabacated weldments of structural parts. The proper

dent and cutting or crushing of the wire
alignment of shafts and gears depends on the adequacy
of bearin;s and their supports to maintain correct alim- r pe. In rder to protect the wire rope th

ment of all components. The proper functioning of the reeving system should be designed to preven~

hoisting machinery during load handling can best be en- the wire rope from cuts or crushing snould
sured by providing r.dequate support strength and proper a two-blocking incident occur.

alignment of the individual component parts and the
welds or bolting that binds them together. A N Where gear trains are interposed between

the holding brakes and the hoisting drum
Bridge and Trolley. Fanure of the bridge and trolley these gear trains should be single-travel to stop when power is shut off could result in

uncentrolled tncidents. Tlus would be prevented if both failure-proof and be of dual design.~~
brid;e and trolley drives are provided with control and
holding braking systems which will be automatically

i applied when the power is shut off or if an overspeed or
overicad condition occurs because of malfunction or

'f:ilure in the drive system. Sufricient braking capacity
would be needed to overcome torque developed by the
drive motor and the power necessary to decelerate the
bridge or tro!!ey with the attached load to a complete
stop. A holding or control capacity of 100 percent of
the maximum torque developed at the point of brake
appucation would be an acceptable caoacity for each
braking system.$ rag. type braices are subject to excessive N Mechanical
wear, and the bed for frequent service and repair tends
to make this type of brake less reliabic; they therefore
should not be used to control movements of the bridge
and trolley. design and selection et.

The travel speed of the trolley and bridge wul in-
fluence the operation of the crane as well as theaquto- / Based on study of

F_ H il rl %pumerous crane appucauons,
ment. . . . .2 :: . c.

+m conctue:d tnat tne N the staff
travel speed for nuclear power clant ace!ication should The
be conservatively selected.iTrollev and bridge seced indicated for slow operating speeds in
limitsj. ~ .y i. - pr.. . .r.. .u .v . . a : . 7 CMAA r/70 are acceptable.,

. . . . . . . _ . .. , - ...

Drivers and Controls. Cf i: - .. ;, ,.. :. . :d:
# ^ . tr. : aper::.: , *: .d:5'

.
' ;...'::

.^1. . l..-~ ^ ^ ~ h ^2 . 1 L ,. . . ^^;

3 .. .S:.'. :de : : -' c' . - :, : .!
'

- ' L .. y .. . 3'*Two blocking" is the act of continued hoisting in which the-
. . , ' . , . . _ - . . . . . .

load block and head block assemblies are brought into physical__ i_. e "c.- %,

~ . , . I 1~ 51 ~, ~ c ntact. "e Y pfem ing un " m " * nt f the I adThe horse 2 owe,'
block and creating shock loads to rope and reeving system.

N
3
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' rating of the driving motor should be matched with the [ Electric circuitry design should be
calculated requirement that considers the design Icad carefully considered so that the controls

1 and acceleration to the design hoisting speed. Over. and safety devices ensure safe holding of
powenng of the hoisting equipment wouldimpose addi- the critical load when called upon to
tional strain on the machinery ard load. carrying devices perform their safety function. For
by increasing the hoisting acceleration rate. ' - elaborate control syste=s or ultimate

"

1; Y :2. ! Z f 6 2;..;.st.., a d d p n !?: control under unforeseen conditions ofgyc w._. h e aU'M.bL, 2 2 2 2 2-
dis tress ,an ". emergency stop button"

I should be placed' at ground level to
___.c_... .

Normally, a crane system is equipped with mechani- remove power front the crane independently
cal and electrical limiting devices to shut off power to of the crane controls.
driving motors when the crane hoolc, trolley, and bridge
approach the end of travel or when other parts of the For cranes with a DRL. rating much higher
crane systera would be damaged if power was not shut fthantheMCLratingit:tavbenecessaryto'

off. It is prudent to include safety devices in the control
system for the crane, in addition to thelimiting devices, include electrical or mechanical adjustment
for the purpose of ensuring that the controls will retum to over-load sensing devices when changing
to or maintain a safe holding position in case of malfunc- fr m one operation to the other. Such ad- i
tion, inadvertent operation or failure, or oversceed and i justments should be made away from the |
overtorque conditions.; Overpower and overspeed con. operator cab location and be included in an
ditions should be considered an operating hazard as they adminstrative control program. |
may increase the hazard of malfunction or inadvertent
operation. It is essential that the controls be capable of
stopping the hoisting movement within amounts of
movement that damage would not occur. A Weh maxi _ of 8 cm (3 inches)
mum hoisting movementjwould be an acceptable stop-
ping distance.

Operational Tests
I
'

Operational tests of crane systems should be per-
formed to verify the proper functioning oflimit switches
and safety devices and the ability to perform as de- " Maintenance
signed. However, special arrangements may have to be
made to test overload and overspeed sensing devices. After installation equipment

usually suffers degradation due to
Existing Handling Systems use anli exposure. A certain degree

of wear on such coving parts as wire
It may be necessary to determine the extent to ropes, gearing, bearings 3and brakes will

which an existing handling system and the areas in wnich reduce the original design factors and
the load is transported may require that the crane the capacity of the equipment to handic
handling system be single failure proof. Therefore, a

the rated load. With good =aintenancedetailed inspection may be necessary to determine the
condition or each crane prior to its continued use and : practice; degradation is not expected to
define the portion of the system that may need exceed 15% of the desi n load rating,8

alteration, addition, or replacement in order to ensure its and periodic inspection coupled with a

ability to perform acceptable handling of critic 21 loads. =aintenance program should ensure that
the crane is restored to the design

Quality Assurance condition if such degradation is found.

Although crane handling systems for criti;al loads Essentially, the maximum critical load
are not required for the direct operation of a nuclear (MCL) rating or the crane should be
Power plant, the naturr of their function makes it neces. established as the rated load capacity,

sary to ensure that the desired quality levelis attained. A and the design rating for the degradable
quality assurance progam should be established to the portion of the handling system should be
extent necessary toinc!.:de the recommendations of this identified to obtain the margin avaiable fo:
gtude tur the design. fabriention. insta!!ation. t: sting. the maintenance program. I
and operation of cr.ne handling sv' terns for safe
handling er ;t..a! !aj;

.
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C. REGULATORY POSITION g
When an applicant chooses tc provide safe handling

of criticalloads by making the overhead crane handling*

system single-failure proof rather than by adding special
features to the structures and areas over which the criti-
cal load is carried, the system should be designed so that
a single failure will not result in loss of the caoability of

~

the handling system to p. . _ - ._..,,_.....~.n ' safely retain the load.p

IFverhead crane handling systems used for handling N Single-failure proof
criticalloads (fi - c.; .x; ..:.-]isuen asloads dur. ~ for plant operation ,
ing reactor refueling and spent tuet nancang snould be ^ during3
designed, fabricated, instal!ed, inseected, tested, and
cpereted in accordance wit. 'the followsng: ~ the requirements of CMAA Specification

f74 ANSI Standard B30.2 ;and
1. Performance Specification and Design Criteri27 The

should include performance design criteria- ,

.. ,I. D.. 'E. i.,.d ", '.* "$.. _8E **b ' for construction as well as for operation
. , .... ,. . .. _ ,..-

-aemi for a permanent crane that is to be used for con.
struction priot to use for plant operationjThe allowabte if the load lif ts during construction are

heavier than those for plant operation.desim stress limits ^ ' " ' : " ' " " v,,

-endde sum total of simultaneously applied load 5 sno for the crane intended for plant operation3
not result in stress levels causing permanent deformation, should be those indicated for Class A cranes
other than localized strain concentration;in any part of in CMAA Specification #70.
the handling system f - (static and dynamic)

uring either the construction or the
b. The operating environment. including max. operatinipha'se. The effects of cyclic

imum and minimum pressure,jtemperature, numidity, loading induced by jogging or plugging |
4

and emergency corrosive or hazardous conditions,
( should be specified for the crane and lifting fixtures. an uncompensated: hoist control system

should be included in the design

(1) Closed box sections of the crane strue, specification.

tura should be vented to avoid collapse during contain-
rnent pressurization. Drainage should be provided to
avoid standing water in the crane structure. maximum rate of pressure increase,

(2) hiinimum operating temperatures
should be specified in order to reduce the possibility of In order to ensure resistance to brittle
brittle fracture of the ferritic load <arr,,ine members of / fracture
the crane.paterials for stmetural members essential to

. . , _ . . . . . . . . , - be tested in accordance with the followinestructural integrity should,*t.
m 1i : pr: ..a f , . ..g;h .i' : C J ^: i= pact test requirements.'

-

_ . ' . , ' . , . . ." " : 2 :, S . . . x "", "., ~ ,. :- 2. M : : , ^: 5 |
5

. 1
. .,.t.. :_ .

_ -_ _

,, . ,T. i -' h '. L ~. E' Z. ,'.'. ,T '_ . . ., n- ~.
' '

operating temperature based on the

7-[ a EiAer drop weight test per AST51 EdC(or btained by following procedures in
Charpy tests per AST51 A-370 may be used for imoact paragraph NC-2300 of the ASME Code,
testing. The minimum /,cros weant test m ~' Section III.
should be;n.; __. .q . . .,. . . . . .'. . . s . OT L. . - . . . . .

- ,The ~inimum operating temperature based on,
.q c- . i _ . _ . _ _ _ _ _ , _ _ . . -_ ,

''
- .Charer V-notch imoact test u u. the. , . _..

r.a should tee ~,-7.. -i. .. ;_

.obtained by following the procedures in.-.cc., -
._ ~ , , , ..

^~

.., ., ( , , e- C . 1(_~ _ paragraph ND-2300 of the ASME Code,,

_

m _ Aiurn.ti.e methods of fracture anal. Section III.-

ysis that 2;hi:ve an epivalent mar;;in of safety a;2 inst 4
fracture may be used if they include toughness measure. Jogging is defined as the =o=entary appli-
r.unS on ca:a heat of steel used in struttural members cation of power to the drive motor for 'the

purpose of promoting a limited movement.o
5Copies may be obtained from the A=erican Plugging is a method of =anual control by
Society for Testing and Materials. 1916 which the power to the motor is reversed to
Race Street, Philadephia, Pennsylvania achieve deceleration or braking.
19103
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essential to structural integrity. In addition, the fracture Q
analysis that provides the ~ esis for setting minimum
operating temperatures should include consideration of
stress levels; quality control; the mechanical checking,
testing, and preventive maintenance program; a id the
temperatures at which the design rated load test is run
relative to operating temperature.

.

(3) As an altemative to the recommend 2
tions of regulatory oosition C.I.b.2, the crane and liftin2 for cranes already fabricated or operating
fixtures,may be subjected to a cold proof test as des , at the time of issuance of this guide
cribed in regulatory position C.4.d. ,

I

(.1) Cranes and lifting fixtures made of *
low-ancy steel such as ASDI AS14 should be subjected ,
to de ccid proof test described in regulatory position
C. h

' ~ ~

designed and constructed in accordance with_ n,. a .2 .. e c. s ,

le ofletabing theg i regulatory position C.2 of regulatory guide~ - do ee
.29

hg+.cac dunng a safe shutdown earthquaxe .
, ,'

(SSE), alt.0". Ihe bridge and troney should be provided
the crane may not be operable after the aximum critical

seis=ic event |
Mth means for preventing them from leaving their run- -

IC 1ways with or without the-dessa; d dunng operation !
c: under any seismic excursions. e 4 deep Yated load i
p!as operaticnal and seismically induced peniulum and I
swinging load effects on the crane should be considered
in the denga of the troney, and they should be added to

{ the troney weight for the design of the bridge.

;_ _,,, u _ b * _ _ W. r c ._ . . . i u _ = _ _ . _ . _ ,.
whose failure could result in the drop of a

.C Z_'.';3,*; ~${ critical load should be nondestructively
. :.f J.3 1_ ,,..~K J _ ,s. ..- . . -:---- c- . examined. If any of these weld joint
[22-1-3 :55U. .US.EE Irb. geometries would be susceptible to lamellar

,

j tearing, the base metal at the joints shoulc
A fatigue analysis should be considered for be nondestructively examined.e.

the critical load-bearing structures and components of ',
the crane handling system. The cumulative fatigue usage
factors should reflect effects of the cyclic loading from
both the consuuction and operating periods. ostweld heat-

'

f. Preheat andW| treat;:ent (stress re-
. ,

lief) tempera ures for all weldments should be seccified / ,delds descn..ced in regulatory position
,

in the we:d ;;ocedure T= :c 2 > n'. ? ":c ~ i C.1.d should be post-weld heat-treated
_... . . _. ,3.-,,.. L e

2,

'
m m-~ct r 'M- ; in accordance with Subarticle 3.9 of

_ . -- : _ . _ : : <: " :: ". ; :f L .'.': : ' SI. : .," N#5 Dl.lf'Stnictural 'Nelding Code'.'6 |,

^ :_:1 b ; :' N .

2. Safety Features

a. The automatic controls and limiting de-
vices should be designed so that, when di: orders due to

F* * # "ction,
inadvertent, car :.::, component manuncnon, or dis.
arrangement of subsystem control functions occur sinalv f-assdng no components have failed
or in combination during the load hand!!ng andpd:ue

n : ... . ' in eiensuosystems : :-~ X any
7

....

these disorders m!! not orevent the handling systemg

from,b e r; r m,: 2 .. .: : _--J .::._=; p:. .. , ' stopping and holding the load. An
emergency stcp button should be added at
the control station to stop all motion.

6
2 uD.Y.y.he..obtained from theYt$f15tkeTE,1Y/dai, Fla 33125
coies ma
~#



or M |b. Auxi'i2ry systems [ dual components"-

for the main hoisting mechanism"

m should be providedjso that. m case ot
subsystem or component failure, the load will be ',

,

retained and held in a stable or immobile safe position.

I

t.teans should be provided for using the de-c. '

vices required 'in repairing, adjusting, or replacing the
failed component (:;) or subsystem (s) when failure of an
.ictive component or subsystem has occurred and the
load is suppcrted and retained in the safe (temporar )
position with the handling system immobile. As an alter-
native to repairing the crane in place, means may bey transfehg
provided for safely.awen the immobilized WN hoisting
system withjload to a sate laydown ares that nas been
designed to accept the load while the repairs are being its
made.

I

d. The design of the crane and its operating
area should include provisions that v.ill not impair the -or safe shutdown
safe operationjof the reactor or Je4 esse- radioactivity

cause unacceptable release of
when corrective repairs, replacements, and adjustments
a:e being made to place the crane handling system back
into service after component failurefs).

3. Equipment Selection The load-block assembly should be provided
with two load-attaching points (hooks or

_ .h.n
, , , m

_ T
__ _ . _ . _. . ._ u_. m

. , .' . .Z. ., ~T_' 3.. . . rT. . 'C. __W,-". ;.~ "~ ~. .'mother =eans) so designed
-

,_ ,

. . . . , c . .m .

E ' .' . 2.Jg _' r that each attaching point will be
able to support a s+e+ieload of4W -. .: :. ha \ 3 times the load (static and dynamic) beingNr. r;;:.2 L.J) without permanent cetermation of handled.,

any part of the load block assembly other than localized
,

strain concentration in areas for which additional mate.
rial has been provided for wear.

b. Lifting devices that are attached to the
load block such as lifting beams, yokes, ladle or trunnion conservatively designed
type hooks, slings, toggles, and c!6 vises should be,.+e- ,a
' ..l J.J :i2 withjiual or auxiliary device or__combina- -or selected
tions thereof. Each2evice should be desiened'to supeort
a a eload of9%without permanent deiormation. 3 times the load (.st atic and dynamic')

beinst handled
c. [7he vertical hoisting (raising andlowering) N Part of

mechanista which uses rope and consists of upper
sheaves (head blo;k), lower sheaves (load block), and

- conservatively
repe reeving system, should provide fop:- 12 .j ce-

sig,ned dual hoisting means. Maximum hoisting speedf"" for the critical load should be limited to
. _ _ . . . . . , . . .

that given in the " slow" colu=n of Fig. 70-6.......c.-

of OfAA Specification #70.
d. The hetd end load blocks should be de-

si;ned to mai:.tain a verticalload balance about the cen-
ter of lift from load block thrcugh head block and have
a reeving system of dual design. The load block should
maintain alignment and a position of stability with
ei1er system being sble to suppory+wmm the ereak-
mg strength of the rope and maintain lead stability and 3 times the load (static and dynamic)

.

vertical alignment t' rom center of head block through all belng handled
hoisting components through the center of gravity of the -

102d.

3



e. Desipi e'the rope reeving system (s) should
be daal with each system providing separately the load

'

balance on the head and load blocks through configura.
tion of repes and rope equalizer (s). Selectica of the
hoisting rope or running rope should include censidera.

,

tion of the size; construction. lay, and means or tyce of
, if required,

lubrication;to mamtam etticient workmg of tne indivt.
dual wire strands when each section of rope passes over
the individual sheaves during the hoisting operation. The
effects of impact loadings, acceleration, and emergency
stops should be induded in selection cf rope and reeving

systems. '",.. ..::p. 6:_:2 t: 5.
: ~ '"''g~.C " : . The maxinum load (includina static and. m) 2. :~,.,,,,m a,. , *

inertia' forces) en each wire roue in the
m,, ~

_m . .... . 3 % f .y g ; i,a..:,,, (b ~ rl:3 21: dual reeving system with the maximtm/
e m 2:..r.:;;.2- P.i;dx,...

.da g; D
m id -

critical ~1oad attached should not exceed,, ,

:7 .. . ~ ;( y .. . ..... 7 2 ,~ ..r -10% of the manufacturer's published
=

,
, ,

Z."N_ ". . _". .T?.,5. . 7. J. x. ~!.* " '~ * " "'" '" ~ " ' " * breaking strength wg all ropes intact_ ..

in accovehnce with B30.2. .

f. The maximum fleet anctle from drum to or between individual sheaves
! cad sheave in the load block;should not exceed-3 %N .061 radians (3-1/2 degrees)

|
O

. ag ne p duggysy;j .n_. n .- N*
except that for the last 1 ra (3 feet) ofr _ ,

, % . ' , f .~ $ Z.'_Tf ".~, J'n7, '''.', ??C ?f,.~ '!.".'2 maximum lift elevation the fleet. angle may
'

j J J~',.7 ,C _ JT|0m. . i . iZ ~>f !.i ~. . ~.i , ,, ', ; ;,'; increase slightly. Use of reverse bends 7
~

i
l%;.~ :r , ami E ,,~ ,.. f for running wire ropes should be limited anc.,wn.._a__

1. :. _ . _ . , u ~ ', . '' __ e,. U;'!i . ,', ,'', 2?? the use of larger sheaves should be'' '

,

. k..S.' Equalizers may be of the beam or sheave considered for those applications where a
type or combinations thereof. I;. J . ..:.; :n2:2 5 : disproportionate reduction in wire rope
-: ~ '' '' C c ' T;_..; : :; ,We pitch diameter of, fatigue life would be expected from the use,

2:'.:.2Jw.;. .llb::0 F:. h. :p:li :':-f. of standard sheave diameters for reverse
^ : ' ?C ::, . - : b:-!, :' *. :: ^ : :: '' :- *.- bends.-

f;: r i, J. . . ; - . ? d c .. , ': c.c... i; ::;-.

running sheaves and drums should be selectec_ _ e.. ..,,,,..,:4 is_. . . _ _ _ . ,

E.-" ' . _ '. 2. .' T.e' .i .,J
__ a.. ,

. . , . . _ . . - _-. &.. in accordance with the reco=mendations in. .

, . 'ncs J. J.: ,.,....,: J 1; .. c ..... .: . . S: CMAA Specification #70.
m...,ea

y .,., . ,., .% ,7,4.> :!h. The dual reeving_

system may be a single rope from each end of a drum
terminating at one of the blocks or equdizer with pto.
visions for equalizing beam type load :nd rope stretch,
with each rope designed for the total load, or a 2. rope
syst:m may be used from each drum or separate drums
using a sheave equalizer or beam equalizer, or any other
combination which provides two separate and complete
ree.in;; systems.

g. The portions of the vertical hoisting system
coruponents, which include the head block, rope reeving
system, load block, and dual load. attaching device.
should each be designed tom- ' toad ot um or N support a static

. . . . ,. . :: . i.k l. '~ : :' . "; . *: 1 ? :ga

_n - a 2 . . _. . , . ... a ._- ' the Eti 3.1't CTi;icM ..W...~~r

.._.,'- ..','..:.. :.._.. .. - . i -.l ~' 1 hoolc..

e i. >
. .c : - %' m . ._- _-_ . _. ...w.. - - - -
'

. . . . /v .._r.: w d:::..
m .ic: ~. _:d 7 A " reverse bend" is a contiguration of.,_

. :; r . . : . .. d 2 6 . .-- " "' : ' -1 two sheaves each providing 1.57 radians i
1 A 2003 static. type load test should be per- (90.) wire rope bends with the two adjacent,

foratd for cach . r r2 ^ load.:.tta:hing
.

planes of bending intersecting g)t an angle
2

..- . 4 -, - *
. . Measurements of the greater than 2.09 radians (120 Two [.

SUCCe5Sive bends in the sane direction andf in the same plane and not reversed have an
angle of 0 . Two bends in opposite direction
in the sane olane (reverse hend) have an0angle of 180 .



.

4hookspometric conti;uration of they _ . - -- - co m a
be made before and after the test and should be fol-,
!cwed by a nondestructive examination that should con-

Volttnetric and surface
.

sist of[::t 1 ' ;~ ~ ~ "m-^

!( q:' =l. 2, _ ;: ; ..rt examinations to verify
the soundness of fabrication and ensure the intezrity of,N the hooks.
_ in. = / .'.: h .. . .. .y . 4The results et exams- N The load blocks should be nondestructively

nations should be documented and recorded.h examined by surfsce and volu=etric
h / n;s.: 'r_.h. f al==: techniques.

h. 5feans should be provided[to sensetsuca - in the motor control circuits
items asielectnc current,t emperature, oversceed o and respond tot
loadDa and overtravel. Controls should be provided to excessive
absorb the kinetic energy of the rotating machinery and excessive motor
stop the hoisting movementpt.c. m u.m . :J : N reliably and safely
inh:: cf :ri-l .n,d through a combination of elec- '

trical power controls and mechanical braking systems
_

and torque controls if one rope or one of the dual reev- A power disconnect switch should be provide.
Ing system should fail or if overloading or an overseeed / near the operator station at ground level
condition should occur. 4- if the crane operation is radio controlled.

1. The control systems should te designed as
a combination of electrical and mechanical systems and
may inc!ude such items as contactors, relays, resistors,
and thyristors in combination with mechanical devices
and mechanical braking systems. Th d....m If the crane is to be used for lifting......,,a

122b;.ae:2:_7re: r=Lru-b 1'fr fuel elements, the control system should
, _ ce u; .:q c 2 acn; fr : . be adaptable to include interlocks that.. . . _ , ,,,-c~

- . - ,, , , _ , . , ,. r _ . o . ~ 4 . . . . . .cu. f) = f fr will prevent trolley and bridge movements
" $: e; fM m+2(9 '':.p = 2 rf f- while the load is being hoisted, as may

{ =.n_ -hn'2 r:t .t: _xi The control system (s) pro- be recomended in Regulatory Guide 1.13
dded should include consideration of the hoisting'

(raising and lowering) of all loads, including ths. ewe- 3
.._r ?:_:p rated load, and the effects of the inertia of

the rotating hoisting m2chinery such as motor armature,
shafting and coupling, rear reducer, and drum. during

j. The m.:chanical and structural components (As an alternative, the protective control
of the complete hoisting system should have the re- / system to prevent the hoisting system f rom
quired strength to resist failure if the hoisting system / _two blocking .should includejas a mini =um
should "two block" orif" load hangup"? savaa occur two independent travel limit devices
during hois ag. The designer should provide recans of different designs,and activated by
within the reeving systern located on the head or on the separate mechanical means. These devices
load block combinations to absorb or control the k!.: etic
energy of rotating machineryr=*+* tne twicent et.

should deenergize the hois drive motor and
the main power supoly The

two blocking or load h. ngup.;The location of mechan. protective control' system for load hangup
teal holding brakes and their controls should provide a part of overload protection in regulatory'
positive, reilable, and capable means to stop and hold
the hoisting drum (s) for the conditicns described in the position C.3.h, should consist of load
desi;n specification and re;ulatory positions I and 2. cell systems in the drive train or motor-

This should include'ine mrumum torque of tne davmg current sensing devices or mechanical
^ load-limiting devices.

\ capability to withstand the
.

.._~o ..1 _ _
_ ,_ . s. . ..--.._, . , , ,

- -- - - -

_. _. _ , . . . - . -___- - _ , . . _ , __

,

~ ~

l. ; .

'
~

] '' _ _ y y. ..

0" Lod hangup" is the :t in 'vhich the load tdeck 2::dier had is
s:nnd duna; honu. y by a.t2nglement with fixed ob;ects,
the.%y curMdi ; the Wning system.
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if supplied, j.4

[Theauxiliaryhoist,shculdbeequippedwithtwoindependehhmotor if a malfunction occurs and power to the driving
i mo:or cannot be shut off. travel limit switches to prevent two>

*

k. The load hoisting drum on the trolley
should be provided with s_tructural and mechanical

1i
disengaging from its holding brake system : .:>:7.. .;',Ia1 an[thereby prevent it f romsafety devices to pewa+jthe drum .- -

c. ,
the drum c. _.., c.~. J ~ shaft or bearings We.Ad. should
fail or fracture. ;

1. To preclude e;ccessive;t d;- - torcue. s drive motor
the h: : p_ :-jveeng of the electne motor drive for ' maximum torque capability

: 1: d_W:2 e ^ the rating or capability of the individualhoisting should not exceede L
dp ' . :q: . required to hoist the 6:'; c':!)oad components of the hoisting system
at the maximum design hoist speed.

maxi =um critical
m. The minimum hoisting braking system

should include one power control braldag system (not
mechanical or drag brake type) and two caha. '

holding brakes. The holding brakes should be,t. :.:; ~ applied
when power is off and should be automatically uJ=l / applied
. f' , 5;;.dion overspeed to the full holding position y if a
malfunction occun h 1; dn -in' t :.'; x ..;';. Each

holding brake should;; l~. ped w C 7-1;E c. 2; have a torque rating not less than 125% ofN

~~ ":rd torque at point of application (lo- the full-load hoi. sting
cation of the brake in the mechanical drive). The mini.
mum 2:.'; :: p.... ;gTee braxing systems tnat wel,, number of
be operable for emergency lowering after a single brake should
failure should be two holding brakes for stopping and
controlling drum rotation. Provisions should be made for,

manual operation of the holding brakes. Emergency
brakes or holding brakes which are to be used for Consideration may be given to a procedure.

manual lowering should be capable of operation with whereby alternate manual lowering and holdingfull load and at full travel and provide adecuate heat
may be used to allow time for cooling the. e _.._u. _ . , a s ., .. .d. issipatien3 .n.y ----

-, .u ., -
3 g e.

- --

-:,': : = r.- N ' d 2 d _ & ". ; . :n ' frat ih
__ .J ,, L. ._,. ,t..u.__...e. c,..,. An indicator of lowering speed should be,,

. . . . . . . . ,..

n. [The dynamic and static alignment of all
hoisting machinery components inc:ading gearing, shaft. The holding brake system should be single- |
in2. couplings, and bearings should be maintained failure-oroof; i.e., any component or gear trair
throughout the range of loads to be lifted, with all com- should'be dual if interposed between the
ponents positioned and anchored on the trolley ma- holding brakes and the hoisting drums.
chinery platform.

o. Increment drives for hoisting may be o If jogging or plugging is to be used, the
vid:d by stepless controls or inching motor drive control circuit should include features to,

M J._.. ; .. m . . gi. .. l. C:r '. J. n p . . ;' ; prevent abrupt change in motion.
% .. '1 ' . ? :' .i:1 ? : J.:':d . :?: r ! ? -

9.- '. : 7:a. -- - - 'im the electncad-power N Drift point
system when 4+.1-,w+4jfor bndge or trolley movement N
should be provided only for the lowest operating speeds. provided

i

p. To avoid the possibility ef|.overtorcue . ^ drive =otor
within the control system, the h .:7: ew%hmaximum torque capability
t t _ ,.r- .i,__. .,tm

pumt m the 10 :; movemen .;antm .;t '..n'en

co c.ar u or. brnn are c!i. end ractors at not energiz J.
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M-

driving motor and gear reducer for trolley [.nd bridge N cotion
motion of the ove: head bridge crane should not exceed;
m.: v: ... . . L... l r. -. A -- . c .r: . 9 :: maxi. the capability of gear train and brakesr
mum speed with design rated load attached. Incremental to stop the trolley or bridge from the
or fractiond inch movements, when required, should be
provided by wch items as variable speed or inching
motor drives. Control and holding brakes should each be
rated at 100% of maximum drive torquegit the pomt et that can be developed
application. If two mechanical brakes, one for control
and one for holding, are provided, they should be ad- i

justed with one brake in each system 9 S:^ ^= -">
v / This applies to both trolley and bridge.:nl Ml;eleading the other and should be activated b'

release or shutoff of power.;The brakes should a.lso be
mechanically tripped to the "on" or " holding" position
in the event of a malfunction in the power supply or an
overspeed condition. Provisions should be made for
manual | operation of the brakes. Ihe holdmg brake snould emergency
be designed so that it cannot be used as a foot-operated ~

slowdown brake. Drag brakes shculd not be used. Oooo.
drivensiteiwneels on bndge or trolley that support bridge or

trolley on their runways should be matched and have The speed limits indicated for slow
identical diameters. Trolley and bridge speed should be operating speeds for trolley and bridge
limited.f n.pn :p::2 :M0 f;- f::[e t:" :nl in specification CMAA #70 are re-
,.,........%.-......-. ^ com= ended for handling maximum critical

1 ads.q. The complete operating control system and
provisions for emergency controls for the overhead crane
handling system shouldjbe located in 5 nan ;ab on Preferably
the bridge. Additional-+ct: ?:. *:2 r '..':. *:4 Na

h should have4,As control systems similar to
( thejbnlj d. Manual controls for hoisting and trol!ey -operator stations

movement may be provided on the trolley.Manualcon- =ain station.
trols for the bridge may be located on the bridge. Re-
mote control or pendant centrol for any of these mo- f henever re=ote control will be used, an
tions should be identical to thos provided on the bridte f emergency disconnect switch or control
ca'o control panel.; Provisions :nd locations should be of Power to the crane should be included
provided in the design of the control systems for dedces at ground-floor level. Cranes that
for ::g~:/ c_ontrol, : r 2- larrutmg devices, utilize more than one control ctation
mechanical amijelectnca2,snoulu ce provided to-meee+e j should be provided with electrical

.r.a4 control or prevent overtravel and overseced ofy -,I[i interlocks that permit only one controlhoist (rairing eeglowenng); nl S- 5: troday an station to be operable at any one time,
bridge r' --t Buffers for bridge and trciley i }i
travel should be included / j;

) - during e=ergency conditions,,

r. Safety devices such as tirnit type switches L and/or
;

provided for malfunction, inadvertent': : _ 2, or fail- - the,

ure :hould be la addition to and separate from the limit- and
ing means crgdmces provided for operation.. , .. _.-

- at the end of t.ne rails. ._ ... These would include buffers, burnpers, and
6* ices or means provided for control of malfunction (s). operator action

control

s. The operating requirements for di travel

movements (vertical and horizental movements or rota- |
tion, singly cr in combination) incorporated in the de- '
sign for pern anent plant cranes should be clearly de-
fined in the cperating manual for hoisting and for trolley
and bridge tr.rrel. The desimer shon!d estdish the rm- Critical load rating (MCL) and the
irnum{:~..,_.; .__,' ._ ~ .' _. -. Ws margin for degradation of wear-'

~ '' :''"' n 'r susceptible component parts.,
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t. When the permanent plant crane is to be
used for construction and the operating requirements for

N more severe ::hanconstruction are ci :!:" al t;) hose required for.pa-
minent plant service, the construction operating require- per-
ments should be =m-:. .!y defined separately. The
crane should be designed structurally and mechanicall:
for the construction loads, plant sersice loads, and their
functional performance requirements. At the end of the
constructica eeriod, the crane handline system should modified as needed
be 4.cl;for the performance requirements of the

""_* *'.E *[ _P, ant segcg:y7g 1.NN3 load tested for the operating phase.I
_ .

','cl 'l ~.._. ' ~'l,J.';||.7 L H ! L ''3'~.J.y The ext.ent of nondestructive examination
M'hfter construction uhe, the cr:Ae 'should be th'or, the procedures used and the acceptance

' ' '

oughly inspected by nondestructive examination and criteria should be defined in the
;;;fc;; =:: mte$ If allowable design stress limits _are design specification.
to be exceeded during the construction phase, added N for the plant operating service
inspection suoplementing that of regulatory position
C.I.d should be __,.,._..-e.<_.----... specified and developed.

y
....,.,,..,ve-, e:.:c __,: =1 -:.;-

?: ;& ' , ^: ::: &. d ! b: ':::J 1:: ? t
.pw.*,4ts-:cm,-W, 2:02 b; ..Z -1 treip; 2d ! -The owner should perform the verifica-
. . L.,.... L:22 . .t...; ; 12:~ :f i; 2:,. tion check and testing recommended in
. . . d i n d . v.. . d .L J.. ,s. -3 rk.., - . Li . . 4 regulatory position C.4.

' _: 7 :- =--: 7'r' :gl; =t. f ~

u. Installation' instructions should be provided N and operating
by the manufacturer. These should include a full expla-
nation of the crane handling system, its controls, and the
limitations for the system and should cover the require-
ments forinstallation, testing,2nd preparations for oper-
ation.

.t. ";. ._.... :/ Check, Testing, and Preventive N Verification
'!aintenance

A complets mechanied check of all thea.
err.: systems as installed should be made to verify the proper
.+ae+-*4,,-+ mstaa2uon and to prepare the crane for
testing.

During and after installation of the crane
the proper assembly of electrical and structural com-
ponents shotJJ be verified. The integrity of all control,
cperating, and safety systems should be verified as to
satisfaction ofinstallation and design requirements.

The crane desi;ner and crane manufacturer
2ould prwide a manud ofinformation and procedures
fer use in checking, testing. and operating the crane. The
nunu21 should dso describe a preventive maintenance



.

..

/6progam based on te approved test results and informa.
I tion obtained during the testing;it should include such

items as servicing, rep 21r and replacement requireme .ts.
visud examinations, inspections, checMag, measure-
ments, probleni diagnosis, noridestmetive examination,
crane performance testing, and specid :nstructions.

Information canceming procf testing on
components and subsystems as required sad performed
at the manufacturer's plant to verify the ability of
components or subsystems to perform should be avail-
able for the checidng and testing performed at the place
ofinstallation of the crane system.

static load tested at

b. The crane system should be,;..; r:2 fx MCL
9 "?c e t af 125% of theA.. m. a.;l' ad. He tests

saould indude all positions,2f r.:.ang, . ;..c.;. .nl N generating =axi=u= strain in the bridge
om., , ., 4 q. , mi ,,a e. 3 3~ nt:d M:3 and. and trolley structures
other positions as recommended by the designer and
manufacturer. After satisfactory completion of the
105% stat test and adjustments required as a result of I

te test. the crane handling system should be given full MCL |performancc tests with 100% of theA.g. a ~ .xd tot
di speeds and motions for which the system is designed.
This should include verifying alllimitina and safety con-
trol devices f' e .. ... ..n;:n; ., . ;- it '': I: :p

m : 3 ' n l "- 'l d: .en: n. ^ . d::'., a S : n 2 The features provided for manual lowering

7. .,,. . . , N.N.m.. 7. . 5.. M.~,. ^._~_. .[I b J^ ('
~ of the load and manual move =ent of the,

y . . " ' ' " - ^ bridge and trolley during an e=ergency
-.,...~s.. ...3e.. should be tested with the MCL attached

f, The complete hoisting machinery should to de=onstrate the ability to function
be dlowed to "two block" during the hoisting test (load as intended.
block limit and safety devices are bypassed). This test,
conducted at slow speed without load, should provide When equipped with an energy-controlling
as:urance of the integrity of the design, the equipment, device between the load and head blocks,
the controls, and the overload protection devices. The
test should demonstrate that the maximum torque that
can be developed by the driYing system, including the
int.rtia of the rotating parts at the overtorque condition. [ g"#i'S f
will be absorbed or contrclied[peae-+e two bloclcnr or load hangup. '

He complete hoisting machinery should be tested for
ability to sustain a load hangup condition by a test in
which the load block attachintpoints are secured to a The crane mau.tacturer may suggest additiona.
fixed anchot or excess.'ve load.y . .. c _ :d r. or substitute test procedures that will en-:-

a a _ 77; _ g ;_ g ;. af r ; " ' '- f 4 sure the proper functioning of protective
'e t- over-lcad devices,

c. The preventive maintenance program rec-
onunended by the desigter and manufacturer should # and the margin for degradation of wear-|
dse pre:c ibe and establim the MCL,, tor waten the cran' susceptible ccaponent parts.
3,J1 be used. The ~'"-~ "v 1 ' nl,snours ce N
plainly marked on each side of te crane for each hoist- \ "CL |-

"

ing unit. It is recor.= ended that the entical-load
handling crires thould be continueusly maintained e- |

-i.'.Mj. capac;ty
- above MCL

singled. Ila old proof tc:t provided far in resila- p

urj pe:itbn C.I.o.3 =d 4 should censist of aj+aae-
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dur my tw.d test as tallowo Metal temperature vf the
structural memben essential to the sta:ctural integity The crane should be retested ifof the crane handling system should be at or below th'e f lifting vill be done at lower thantrununum operating temperature.3The cor.espondan3 the qualified te=perature,durnmy load should be caus] to I.25 tt~s e- -n._

im um f ... c; ....; c'." L . if ., m N critical load (MCL).i ,,m .m..y'[- '' : -L.ic. iq. c.{..7,.... .. Lc; gc
- - - . . . , . . . - . - . . . , _ . . . .-' _ ; _*:1 * 2 ,5 -- -- -.. >. .. e .. ,, ... .

' . , ~ .x. , , , a. , - . c. _ , i. " , , . _ . ' ~ _ _ _ _ , .4 If the desired minimum operating~'
.,' T ' j,'{'',r y;_'If temperature cannot be achieved during the

'-a,.,_ n
_

__:2 ? : r : g - .'.j .s --. .,. ,en , ,.%. , ' test, the minimum oeerating temperature-f 1 : 'l ::'' it pr '- : :_:' t:)The cold proof should be that of the test until thetest should be followed by a nondestructive examination
o f ; ." . ' . f; , , , ,, c ' . , crane is retested ae a lower temperaturea

5. Quality Assurance welds identified in regulatory position
C l.d. The nondestructive examination
of critical areas should be repeateda. p . ' . . v . . ., ,

applicable pro. at 4-year intervals or less,
- . . . . , '

carement documents should require the crane manufac.
turer to provide a quality assurance proeram consistent

- In addition to the quality assuranceU '['$.$'"* f'_ g ns ofgn ..;, '. '-""
_, ; program established for site assenbly,

,_~'".'3.n,'"._~....._,L.s'-'., M . ? , , ' -" ' -" " ' "" installation, and testing of the crane,
,

2- -~ . . . . . . , .

b. The progmi shouldhaddress each of Regulatory Guide 1.23, " Quality Assurance
the recommendations in regulatory positions C.1, C.2 Program Reguirements (Design and Con-
C.3, and C.4 3; struction) to the extent necessary.

D. IMPLEMENTATION

The purpo>e of this section is to provide informa. Also included should be qualification
tica to applicants and licensees regarding the NRC staff's
plans for using this replatory guide.

requirements for crane cperators.
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!. Except in those ca;es in which the applicant
propows an altgmative method for complying with spec.
ified portions of the Commission's regulations. this guide
wdl be used in the evaluation of design, fabrication, as-
sembling, and use of crane systems for entical load
handiing ordered afterjE:pm . N 'brch 1, 197 9'

.,

2. For cran 6 handling sys: ems ordered prior to,
1, . c ' , ' a 6. - .\brch 1,197 9

Regulatory positions C.1, C.2, C.3, and C.4a.

will be used in evaluating crane handling systems that
hrve been ordered but are not yet assembled.

b. A'i culatory positions except C.I.f; C.3.c.
f, and q wn! be e iin evaluating crane handling systems
that have been aembled or may have been used for
handling heavy loads during plant construction. Regula-
tory positions C.I.f; C.3.c, f, and q wi!! be used by the
NRC staff to determine the extent of chsges or modifi.
cations necessary.

All regulatory positions except C.I.f; C.2.2,c.

b, c, and d; C.3.a b, c, e, f, g, J. n, o, p, q, r, and t will be
used in evaluating crane handiing systems that will be or

; 'are being used to handle heavy loads that are defined as
critical. Regulatory positions C.I.f; C.2.a b, c, and d;
C.3.a, b, e, e, f, g, j, n, o, p, q, r, and t will be used by
the NRC staff to determine the extent of che.nges or
modifications necessary to meet the intent of the regula.
tory positions.



.

-
,,,,-..,i..v.

,

-. . . . , - - , ..
_

v/
.. , .. u..

u.o.-..,, ,,..,,.-,,,.,m,....,- c . .i n, c. ., - , , , -,.,r...,-.o,~_-,..v ,,,,,.. . - , . , ...m, . m.,m .m ._

.., r,r---,-,,,-.,
_ .s.n , ,,,.,, - ,, ,.,.. ,i,m..m . . . . ....m.,-

,
.- . - . r r' .., .. .r 1. __ .re=, f *' , !,t~r n.-~.., .

1

.

c_ ., _- e . , >
. . . . . . . . . . ..

, _ . : r- _. , c-. ,_ _ _ _ __

. _, . - . , . .,

t. _ _, _ _ , , _.= , . -

, - ~ . , - . . ..

. _ . - . .
. ..

_ _ _ , __ _
. - , - . . . _... . ~ . . ,. . .

c ,- t t. e. . ._ . i _ , ,
., .. . .. . ..

..........,c.._ _ c _.,__
- ., - . . .1,.,n. . .

.. . , - . . .

, .f 9 9 9--.D.__.. ' _-
, - .-

, , , . _.. . .,e e,-..-r
-- .

.- r_,.. , i. .. . , , ,
-

. . . . . . . e .c. .
,c _. __,, _ ,
._ . .~ ,

.23 .

.f . . _ , _...f.___r._+__9 ,

m .. ., y. . , . . . . . . . ,.

_- . -- -.-, , . . . _ _ . ...e,,.,
. .gg.

. c. ~._ .i.. .c,,... __ t_ _t, .. . . , .. . . .
.

_

~ . . . . , . .

. . . _ . . . i n. , n. ., o .....,v., v. .s . ..,,_.. _.
. . -.

t.'. ..r9,ms' ,

~

,. c s. . m _=.__._._e ,r,,__.___.__,r-,- , _ __

. ., . . . ~ . . , . .. .

.
r. s.r,._.__..._. ,:., . , , , , . + , , -,4

3 _ _

,, ,.,,>+,-: _ _ _ _ _ ~ - , . _ , ,
,

.t.._.: _i r. .i. e. ,,..c_,.._._. t_
. . . , . . - . . . . . .

. , .s - - r_a.__._.__ c.._ .. ,,., . .,.e,

. m ..- - , .~.,
t c. s. ,,_ s. 1__. . . . , . .. .-, . ..

%4H.
,c-,, . __ _ , - ,, ,r.,....,

.. ... . . . . ., 4... ,. - - - --
__ _ _ , . , _ ._ r__..;,,.

a.. ..g. = .. ...v.. -. - . .. - -_

{ v .,.v.
. , .. . _ . . . , c. . . . u e . ,e _.

c , . ~ , v *. . . , 4 . , s . - . . n .
-. ._ .

,, ,n,t n _, n.
__...g -.__ .

,-
.. . . . , : , , n , n .

- .

'M. m ..
- . -, r .. .. . :. <- - __. 1 r...: ..,r , ,n,.r, ,

- . .- . .

. , r, e, -,e,.---- ,m , ..,e. _ _,
. . . . . . , . - .- ,
v _ _ . - , v ,. _ , > c- . . . _ _

. . ,. . . ~ -.-.- .m

....._,' . s ',e, f.
.. .. ,._.,_J_ _ __ c_.

. . . .

..~_.-.e..._.,_,,r_,..u.-
~ . , , , ....., . . . . . - . . ,
c

.. .,
. . . , _ e e. s .1,. r--_. u.

.. ...9
_ - . _

..

s.... s., .
s.,

m,,- - . . . - . , ,. ,,
,, ,

bs... . s . s.

_ . : . .,c
e, _ .- 1 _r_~.... _ ,.:,--- ,

.

.m . . . . .. .

e
, ,

_, , _

_ _ . ._._. .. . -. .
. ,,

. .., ,.
- . _ _ ._ , _ _ _ .u _.

~V . J 4 .. t,.ne . . . s. . se

r. s. .. .
_ a_..=._,. c.... ,.e

..... . .. - . .

. ?. . .
9',_. , s' \.P , _S'" , *.L
. -.

q%% M

b dJ.

m T
,. (- % #N, y m, .*,fg,t * ' FC {

. .. - -

s . a s . /.
-

N be.fe

.T m W - - -, -- . . .: d.nis -'
- , , . . ,SW . . . , . . - . . ... .

. . .. . .

E-'. * ''

.+. _ ; , , s ,c .. '.MM C'' 'l ? S : :!&DJ.

.. s e. . rw-e,-,,s i+4a-.

e, .

..

me, 3.,-

gr '".? .

.

c. -.1 7 .
4

. * * * .
.

,

9 *
.. -

Q _
'_ y] *- t n, *...y

- n . _ . , , s.
6

'

. >



a

.

.

e.r <=
.-

r ,r *,,r,,,., '.-o l',. , n o o r* "F**n_
-- ! _ r ,_ .o ..I

- s. -

, , . . . I . r n, ",
-_

n_ . ,- . t_,.. . . .. - , __ t . , , , ,. r, ..a,.

._. a f , , re i n . , f.,%a,,*I,n r-- - a r~ m .
_ - _

-s+Wte c .i. -e; + m ,- 4 1 , J e * , L it +,,
,

_

I
r,',..-..k. . ' . _ _ -. # r, , ,,, , k a. e_ .s . 2 n,,

,

. . , .- - -

.P i O O f.* ., ., a w, - a '+ D
. . ...\.4. IT '. .- .T_1.,. .,

n._ . t.._.._ . r e, , r .. . , s

->=** i a A,._. S r. . ,r_. ,.-. . #.,.,._. . . . . . . ,t , e __. --.- - . ..
, _.c. .. _

w. .u.

tr'e r a e ==n t
, , . ,1
t~ s r _ - -_ r . -_t _- 2 - ,

- v w... .v. g w g.'''6 ' '* ' - - " ' ' -' t-
r -

,__.g,.w..t',.,.s~.. _ 1.-
. . . .- __.- - -e.v... ...w r- -

t _

sw w w mava n

f* _ _ - t_ ._ _i - a

wvr*-'
'_'"I f=_'*_ __ n. er

** **'' ** * * " ' - * "*'

....v.. . t. .*, 9 /< sqs w., 4 .m-
_ _

.

L

_ n-- + e-mamt
A y 4, a w 4 64 dJ&Ynas 6.d 4 w m e/ %F e

* Ti t t Mr , ,,,,7 .t.=.'.,._f er.,. r,,, . . . . e, ,
. . . _ - . . .

,

=644eeM=
re , ,1.,,-,
- . - - . . . - . . .t . - ,t ..~7. , , , , , ,

. ,

='s4'i@wh6efW=

r,.'.. _ t. .

t'.*.*.
-, ' ' - t._-t r-, s. ,

. . _ . -. _. * e .e ''T .,' .
- - --

.. _ . c, . _w.
, .

. e a . i. \e
s4

< , se. se emia
A%4 , 6 * 4 -& h 6WV4 I

t r, ~= n r,__
a r s as . n. ,

e ., .t..-J_,, ,1. _ , ,,,_, , ,,
. n

. -. -, - - --

t...-....g w.._L. . t . .1 . , v.c.,,,, {. . .v
s .

-- a ., . e n .,, -. , _t ,, .: - , er , .- ,p ,

1- 2 ok,',2J r, .,, , ' s n _. 4,
, a . .

t',. , ,- _ . -

_ T 4_ 9 ( . et,22_+ * * , t'' V W, k "
-. _ -.

3. ,.

n, .e. m-r,,
s, w. . .

s .t er * .r..._ _ ' . F f_. -_'%,,. .
- __ _ .k2 , ,2-.- - F,+/=,., ,.J

_

kae * , 93,ae L % .g, '=-.9 f gee3 e=

't e..r,,p.,Am, t.e~ , + m rm e ~11.e . .s 4
;

;324, . 3. . 4 ,q o f fy .e ! m.g D3_344 \{ang,2, g

g ---

s^ s . e a .e @ ..m. seim m r-, %.-de Ja,
-- -

er

$ ^ s4 .Og.w.

/,.*.g'.. -_

t. .- , .....f. d'.,,t. e : .
.

, .v.. . L.
?,

, , ,

4 . w.
*99f 9'*. -, . ".v._ v. 2.yu.

_ t W. _ ' . __t
. . , . , . _ uw,

9'% 9 _ t *99*

,
, 4a4 ..wt.

" _ - ,e

__Th _ .- J fg i .w==- ww . =
#e* 1 8

\%

O a $
' D_ ' i Y *

_ Es
,vi w - . ., .w. .

8
_ h a - _ g

*

bwy*d 6. e g ww wwb w . * %s . e n eaw www =.

_e.
fN:<.I r , .? m .: . . f* .. atc '*_ ,

. . - 7 g . . m.v.

% g, q. ,
- , .

t, ,*- s,
.

t /* *% 1 **
4 sJs

N' %/* 1 , * . _-.
w -s. n s.a ,.

,
S _ * *% ,fs'"*

4,,.,......,..
,

O_
_

w. w g . * 4
_ _ _ h

a'.w s . ...wa.-. . 47 - s w + 4. w . w s

v=_- - w_ __ r=__. =.- w_ _

e. % 444 m 4 6.6 . aw w 4 a4 . 4 ed 9 -'w h, m.J .

1"aL "._ \f 47 1 \' 4P
w. . i. , w

* A g a.

4% da

i - : : , - .*r=1.,, p. e -r- _m ,

, ,

--

, -

/



. .

Revision 1

Appendix A, Implementation: Proposed Regulatory Guide -
Overhead Crane Handling
Systems for Nuclear Power Plants

DETAIL IMPLEMENTATION OF GUIDE FOR
OVERHEAD CRANE HANDLING SYSTEMS

Crane handling systems will be in various stages of completion or use,
and cranes that have not been assembled can more readily be adjusted
or changed to comply with the guide, while cranes presently in use
must be inspected to determine the extent, if any, to which modifi-
cation or additions may be needed.

Since there are a number of ways that the functional requirements
of the guide can be achieved, the positions have been divided into
those that are readily interpretable and those that will require an
inspection to ascertain whether the methods used on the crane meets
the intent of the guide.

The attached schematic shows crane handling systems in various stages
of completion and the corresponding interpretation of the 34 guide
posi tions . It appears that categories 1 and 2 can be combined, and
that categories 3 and 4 can also be comb.ned; however, a review of the
individual applications may be needed before such an assumption can
be substantiated.

Table I shows 12 applications for which the single-failure-proof handling
system has been chosen. The first two of these applications are
categories 1 and 2, the next 5 are categories 3 and 4, and the last
5 are category 5.

For 10 of these applications trade-offs have been made for some
regulatory positions as illustrated by the following examples:

A new trolley has been supplied because the existing trolley
was too small to acconmodate a dual reeving system.

Two hoist travel limit switches have been accepted as an
alternative to designing for a two-block incident.

Electric interlock circuitry preventing movement of the
trolley and tne bridge while hoisting a load has been
dCCepted in lieu of " load hangups" protection.
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Fleet angles larger than the 1 1/2 decrees oriainally
recomended in the guide have been accepted.

A single hook (sister hook type) has been accepted
instead of 2 attachment points (hooks); however
the factor of safety was increased to 10:1 to
compensate for this deviation.

For a modified crane in an operating plant the
cold proof test was omitted because the minimum
ambient temperature was 700F, or equal to or above
the NDTT +600F requirement for most structural
steels.

A 200% static load test on the components of the
reeving system has been omitted. Crane manufacturers
are not equipped to do such tests. However, the reeving
system would be designed to sustain such a load and
the system tested at 125% at the power plant.

The 110% horsepower limitation on hoist motors has
been eliminated in favor of matching the brake
capacity with the torque developed by the drive
moto rs .

In some cases the fleet angle limitation has not
been adhered to because of building hight limitations.
But the inspection program was changed to provide
more frequent inspection of the wire rope for
potential wear or damage.
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Cranes for construction and operating, or for operating phase only
.

Regulatory Positions Category 1 Category 2 Category 3 Category 4 Category 5 Comment

C.I a Separate Performance Spec. P P-C+0 P-C*O P-D P-0b Operating Environment, NDil P P I-A I-A I-A Alternate NDil test or cold proof test
r. Seismic Classification P P P P Pd NDE - Lamellar fearing P P P P Pe Fatigue Anal. P P P P Pf Preheat-Postheat-Welding P P I-A I-A I-A Additional NDI

CT2~ a Controls-Devicei!$afelloiding P P P P I - A----Position
b Aux. Syst., Dual Comp. Immob. P P P P I-APosition
c Means for Repairing P P P P I-Ad Design for safety while P P P P I-Arepairing for those regulatory positions masked A.

the degree of compliance with the
CT3 a Dual Load AlfaEE7"Foints P P P P I - f ~~~' guide cannot be determined until ab tilting Devices-Redundant P P P P I-A detail inspection has been made ofDesign the installed crane hanJ11ng system.c Dual hoisting eg. p p I-A I-A I-A Subsequent to an inspection, thed Head-load Block balar4e P P P P P need for adjustment can be dete: mined.e Dual Reeving Systee P P P P P-A

f Flect angles P P I-A I-A I-A
g 200% static design test P P P P I-A
h Sensor overspeed-overloading P P P P P

etc.
I Motor control system P P P P P
J Two-blocking-alternative P P P P I-Ak Drum protection P P P P P
1 Excessive actor torque P P P P P Symbolslloisting brates - holding P P P P P P: ulde position appliesa

brakes I: Intent applies
n Dynamic-static alignment P P P P I-A A: adjustment when necessaryo Increment drives p p p p I-A C: cons tructionp Trolley * Bridge actors P P P P I-A 0: operating phaseq Cab located controls P P I-A I-A I-A NDE: nondestructive examinationr Safety devices, limit devices P P P P I-A NDII: nil-ductility transitions Operating Manuals - MCL P P P P P temperaturet Change from Coastr. to P P P P I-AOperating
u Installation Instructions P P P P P

CT4 a veriCRilisiT5eck P P P P P
b 125% Static Test (2-block) P P P P P
c Preventive Maintenance Program p P F P P

Design not Design Crane as- Crane as- Crane used
compi'd or compI'd or sembled and sembled and for operatingCategories approved, appr'd fabr installed at installed, phase in
fabrication started or site, but not construct- operating
not started compl'd, used ion phase plant

component completed,
parts ready not con-
for assemb- verted to
ling. operating
(shop or Phase
site)
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TABLE I

PLANTS FOR WHICH SINGLE-FAILURE-PROOF

CRANES HAVE BEEN ACCEPTED

PLANT NAME REACTOR TYPE LICENSING STATE CATEGORY *

Cooper BWR Operating 1-2

South Texas 1 & 2 PWR CP l-2

Vermont Yankee BWR Operating 3-4

Palisades PWR Operating 3-4

Big Rock BWR Operating 3-4

Oconee 1 & 2 BWR Operating 3-4

Farley 1 & 2 PWR OL Review 3-4

Brunswick BWR Post-OL 5

Millstone 1 BWR Operating 5

Montecello BWR Operating 5

Dresden 2 & 3 BWR Operating 5

Quad Cities 1 & 2 BWR Operu 'ng 5

* Categorization of OVERHEAD CRANE HANDLING SYSTEMS is shown in the attached
schematic.


